The expression of c-kit, a protooncogene tyrosine kinase receptor (CD117), in phyllodes tumors of the breast has been the subject of recent investigations. We examined stromal c-kit expression by immunohistochemistry in 68 cases comprising fibroadenomas, fibroadenomas with cellular stroma, and benign, borderline, and malignant phyllodes tumors. Membrane staining was identified in the epithelium of 82% of cases, representing all diagnostic categories in the study. Membrane and cytoplasmic staining was detected in scant cells in the stroma in 74% of the cases in the study, again, across all diagnostic entities. However, when toluidine blue and tryptase staining was performed, the staining pattern matched that of c-kit in the number of cells and their distribution, thereby confirming the presence of mast cells and excluding any appreciable level of true stromal c-kit staining. One borderline and one malignant phyllodes tumor showed a diffuse weak stromal signal, which could not be accounted for by toluidine blue and tryptase. These cases were further tested for the presence of known activating mutations of c-kit and PDGFR-a, and yielded negative results. Our findings indicate that c-kit is an unlikely player in the pathogenesis of fibroepithelial lesions of the breast. The positive stromal staining suggested previously by other authors may be attributed to mast cells. C-kit, therefore, has neither a diagnostic nor a prognostic role in phyllodes tumors, and there is no rationale for the treatment of recurrent of malignant phyllodes tumor patients with tyrosine kinase inhibitors.
Phyllodes tumors represent 0.3-1% of all primary tumors and 2.5% of fibroepithelial tumors of the breast. They are purported to develop de novo from intralobular or periductal stroma or to arise from fibroadenomas. 1 Based on a number of criteria, phyllodes tumors can be classified into benign, borderline, or malignant.
C-kit (CD117) is a protooncogene that encodes a transmembrane tyrosine kinase growth factor receptor. Through interaction with its ligand, stem cell factor, the c-kit protein plays a role in hematopoiesis, melanogenesis, gametogenesis, and other normal physiological functions. 2 Mutations at several different sites (exons 9, 11, 13 and 17 3, 4 ) of the c-kit gene cause constitutive activation of the tyrosine kinase function of the c-kit protein. These mutations result in autophosphorylation of the c-kit protein, ligand-independent tyrosine kinase activity, uncontrolled cell proliferation, and stimulation of downstream signaling.
2,5,6 C-kit has been implicated in the tumorigenesis of a variety of neoplasms including gastrointestinal stromal tumors (GISTs), small cell lung carcinomas, melanoma, and breast carcinoma. [7] [8] [9] Imatinib mesylate (Glivec internationally, Gleevec in the United States) 10, 11 is a tyrosine kinase inhibitor and is used to treat GISTs that express ckit. 12 In 5-10% of GISTs that are c-kit mutation negative, mutations in another gene, platelet-derived growth receptor-a (PDGFRa; exons 12, 14, and 18), have been identified. 13, 14 PDGFRa protein belongs to the same transmembrane receptor tyrosine kinase family (type III) as the c-kit protein, and binds platelet-derived growth factor. Interestingly, c-kit and PDGFRa mutations are mutually exclusive in GISTs. 10 It has been shown that different types of c-kit and PDGFRa mutations each correspond to a different response to imantinib. 4 The original rationale for looking at c-kit expression in phyllodes tumor arose out of its similarities with GIST. Both tumors share certain characteristics such as spindled, CD34-positive stromal cells, and show a spectrum of behavior from benign to malignant. 15 In addition, past studies have demonstrated consistent expression of c-kit in breast epithelium, variable expression in benign breast lesions, and poor expression in breast carcinoma. 2 A few recent investigations that have looked at c-kit expression in phyllodes tumors have had varying results. 3, [15] [16] [17] [18] [19] Accurate assessment of the level of expression of c-kit, and further elucidation of the role it may play in the tumorigenesis of phyllodes tumors is an essential first step in determining the potential effectiveness of imatinib mesylate as a therapeutic agent of phyllodes tumors. The aim of this project was to study the expression of c-kit in fibroepithelial lesions of the breast.
Materials and methods
Two institutions (Sunnybrook Health Sciences Center, Toronto, ON, Canada and Markham Stouffville Hospital, Markham, ON, Canada) participated in our study. We searched for cases that occurred between the years of 1991 and 2004 in our databases using the following terms: 'fibroadenoma', 'fibroadenoma with cellular stroma', 'phyllodes tumor,' and 'cystosarcoma phyllodes'. This search method retrieved a group of mastectomy, lumpectomy and biopsy specimens all from female patients. When more than one specimen was identified from the same patient (ie, biopsy and mastectomy), only the specimen with the greatest amount of tissue (ie, mastectomy) was included in the study.
We defined cellular fibroadenomas as lesions of the usual fibroadenoma morphology, but with an increased stromal cellularity. Entities such as juvenile fibroadenoma and giant cell fibroadenoma were included in this category. We used stromal expansion and the low-power leaf-like architecture as the main distinguishing feature between phyllodes tumors and fibroadenomas. The grade of the phyllodes tumors was assessed by the following criteria: (1) mitotic count, (2) nuclear pleomorphism, (3) stromal cellularity (4) infiltrating border (5) necrosis, and (6) stromal overgrowth. Mitotic count of o2 mitoses, 2-5 mitoses, and 45 mitoses per 10 HPFs ( Â 40) was recorded. Nuclear pleomorphism and stromal cellularity were graded as low, moderate, and high. Infiltrating border and necrosis were assessed to be present or absent. Stromal overgrowth was judged to be present, if there were areas of tumor at Â 40 that were devoid of stromal elements. A phyllodes tumor considered to be malignant would have had a mitotic count of 45/10 HPF, high nuclear pleomorphism, and stromal cellularity, necrosis, an infiltrating border, and stromal overgrowth. A benign phyllodes tumor would have a mitotic count of o2/10 HPF, low-stromal cellularity, low-to-absent nuclear pleomorphism, a pushing border, no necrosis, and no stromal overgrowth. A borderline phyllodes tumor would meet some, but not all criteria for a malignant phyllodes tumor. The grading was performed in a blinded fashion by the investigator BD and cross referenced with the original diagnosis. Discrepant cases were reviewed by the investigator WH. Four (minor) diagnostic discrepancies were resolved in favor of the original diagnoses.
A representative slide for of each tumor was selected. The corresponding paraffin blocks were cut to yield 4 mm slides. Automated immunohistochemistry for c-kit was performed (Dako Autostainer) using heat-induced epitope retrieval (Borg pH 9.5 buffer) in a pressure cooker for 2 min at 1201C. The slides were then treated for 1 h with the monoclonal c-kit antibody (Zymed; 1:400 dilution), followed by detection with a polymer system (Biocare Mach 3 Polymer) according to the systemprescribed protocol.
The stromal elements of each tumor were assessed for staining intensity and then for the percentage of c-kit-staining stromal cells. A stromal signal was considered positive, if it displayed equal or greater intensity than that that of the benign breast epithelium in the surrounding tissue. If latter was not present in the section, comparison was made with the benign breast epithelium in the positive immunohistochemical control. The percentage scoring categories were defined as 0, o5% and 45% of stromal cells. As mast cells are positive for c-kit, 20, 21 mast cell-rich tumors were also stained with toluidine blue and tryptase, so that the levels of true stromal c-kit staining may be determined. Equivocal cases underwent c-kit and PDGFRa mutational analysis. The epithelial component of all fibroepithelial lesions was also observed for the intensity and then for the percentage of cells staining with c-kit. The criteria for both parameters were the same as for the stromal component. Scoring of stromal and epithelial immunostaining was performed by the investigator BD; stromal to mast cell c-kit staining correlation for all cases, as well as the evaluation of all equivocal stromal c-kit-staining cases was carried out by investigators BD and WH.
Toluidine blue staining was performed with a 1% toluidine blue solution, and by differentiation in 3% acetic acid. Tryptase immunohistochemistry was carried out using a standard streptavidin-biotinperoxidase. Endogenous peroxidase and biotin activities were blocked using 3% aqueous hydrogen peroxide and an avidin-biotin blocking kit (Lab Vision). Sections were pretreated with pepsin for 15 min at 371C and then blocked with normal horse serum before incubating for 1 h with mouse antihuman mast cell tryptase (Chemicon) at 1/500. Color development was performed using freshly prepared Novared solution (Vector Labs).
The mutational analysis included preparation of tumor tissue DNA from formalin-fixed, paraffinembedded specimens by using proteinase K (Invitrogen, Germany) digestion according to standard protocol. 22 Exons 9, 11, 13, and 17 of the c-kit gene and exons 12 and 18 of the PDGFRa gene were amplified by PCR. The primer sequences for PCR are summarized in Table 1. 14,23-26 Annealing temperature was 601C for all of primers. The PCR products c-kit expression in fibroepithelial breast lesions B Djordjevic and W Hanna were purified by filtration (Millipore Co.) and then directly sequenced using the same forward and reverse primers. The sequencing was performed using Big Dye Termination reaction mix V1.1 and an automated genetic analyzer (ABI PRISMs 3100; Applied Biosystems, Foster City, CA, USA) based on fluorescence detection and capillary electrophoresis.
Results
There were 68 cases in our study consisting of 18 biopsy and 50 lumpectomy and mastectomy cases. The various tumor types were represented as follows ( Table 2) 
Membrane and cytoplasmic staining for c-kit was detected in cells in the stroma of 74% of the cases in the study (Table 3 ). This group was represented by seven fibroadenomas, eight fibroadenomas with cellular stroma, 22 benign phyllodes, seven borderline phyllodes, and six malignant phyllodes tumors. The cells that were staining were round to oval, always scattered throughout the tumor, and were never found in groups. Only five cases exceeded the 45% benchmark, but did not exceed 10% (results not shown), while the positive-staining cells maintained the dispersed pattern. When c-kit staining in these tumors was compared with that of toluidine blue and tryptase, cells with a similar distribution were highlighted, thus confirming the presence of mast cells and suggesting that there was no true stromal c-kit signal (Figures 1 and 2) .
Two cases in the study, one borderline and one malignant phyllodes tumor, showed a more diffuse stromal-staining pattern, which could not be accounted for by toluidine blue and tryptase, involving elongated stromal cells. The intensity of c-kit staining in these cells was less than what would be considered positive by our criteria (Figure 3) . Nevertheless, these two cases underwent molecular analysis and were found to be negative for c-kit and PDGFRa mutations. In summary, none of the 68 fibroepithelial lesions in our study, with 47 lesions representing phyllodes tumors, displayed true stromal staining for c-kit.
As a p-value cannot be calculated for a single population, we used a single proportion estimate method to determine the significance of our findings. With a 95% confidence interval, and a sample size of 47 phyllodes tumors, a single proportion value of r0.094 is significant (40.05). As our single proportion value is zero (0/47), our finding is therefore significant. For comparison, if 1 out of 47 cases had shown true stromal staining for c-kit, the single proportion value would have been 0.021 (1/47), which is r0.094 and therefore also would have been significant. Membrane staining was identified in the epithelium of 82% of cases (Table 4) . This comprised 11 fibroadenomas, six fibroadenomas with cellular stroma, 25 benign phyllodes, eight borderline phyllodes tumors, and three malignant phyllodes tumors. In the vast majority of positive tumors (51/53 cases), the percentage of positive cells was 45% (in fact, well over 5%), with large strips of epithelium or entire glands often staining for c-kit (results not shown). Epithelium was not present in six cases (one cellular fibroadenoma, one benign phyllodes, one borderline phyllodes, and three malignant phyllodes tumors), and of these, four cases (one cellular fibroadenoma, one benign phyllodes, one borderline phyllodes, and one malignant phyllodes tumor) were biopsies.
Discussion
Previous studies have suggested that c-kit is expressed in the stroma of phyllodes tumors. Some authors have observed this as a progressive increase in expression from benign to malignant tumors, 17, 19 while others have stated that c-kit tends to only be expressed in malignant phyllodes tumors. 3, 15, 16 One study has also suggested that c-kit expression may be used as a predictor of recurrence. 18 We detected a high number of cases (74%) with some c-kit expression in the stroma. However, even in tumors that attained the greatest levels of expression, the positive cells rarely numbered more than 5% and were randomly scattered throughout the stroma. This pattern appears to be similar to that in the published photographs of two other studies. 15, 19 Secondly, when we performed toluidine blue and tryptase staining on our c-kit-positive cases, the pattern of the outlined cells closely resembled that seen with toluidine blue and tryptase (Figures 1 and 2) . Hence, we conclude that the majority of stromal c-kit staining cells are in fact mast cells. Indeed, the presence of mast cells on corresponding H&E slides of tumors in question could be verified. We used a monoclonal antibody with a high-dilution factor as well as a precise method of detection, which ensured a highly c-kit expression in fibroepithelial breast lesions B Djordjevic and W Hanna specific immunoassay. This may be in contrast to some studies, where published photographs show significant background staining. 3, 16 Two of the cases in our study, one borderline phyllodes tumor and one malignant phyllodes tumor, displayed diffuse, but faint, stromal staining in elongated stromal cells (Figure 3 ). C-kit and PDGFRa mutational analysis for these tumors yielded negative results. Two past studies that detected stromal expression of c-kit sought to verify c-kit expression in fibroepithelial breast lesions B Djordjevic and W Hanna their findings with mutational analyses, but, similarly, did not detect the presence of any activating mutations. 3, 15 Our hypothesis and experimental results provide an explanation for these findings.
Mast cell expression of c-kit is a well-established phenomenon 27 and mast cell infiltration of solid tumors has been observed in both breast 21, 28, 29 and non-breast neoplasms. [30] [31] [32] [33] In fact, in epithelial tumors of the breast, the presence of mast cells was associated with lower grade tumors 29 and approached significance as an independent prognostic factor. 21 In the context of phyllodes tumors, based on our observations, it would appear that this trend may be in the opposite direction (Table 3) , with more malignant phyllodes tumors containing mast cells than their benign and borderline counterparts, and phyllodes tumors as a group more frequently containing mast cells than fibroadenomas (but less frequently than cellular fibroadenomas). This, interestingly, mirrors the findings of previous investigators who suggested that there is an increase in stromal c-kit expression from benign to malignant phyllodes tumors. 17, 19 However, without correlative patient outcomes, this aspect of our study is only a crude assessment, and no definitive conclusions on this phenomenon can be drawn without further investigation.
The more immediate significance of the mast cell findings in our project is the possibility that mast cell pattern either masks or mimics stromal-cell staining of c-kit in phyllodes tumors. On the basis of our observations, we propose that mast cells are either the predominant c-kit-staining cells in the stroma, or, if there are genuine c-kit-staining stromal cells, their numbers are negligible. Mast cells as internal positive control have been addressed in two 15, 18 out of six 3,15-19 previous publications looking at stromal expression of c-kit in phyllodes tumors. However, these studies did not perform other mast cell-specific stains to differentiate relative levels of mast cells and genuine c-kit-staining stromal cells. The comparison of our and the other six studies is summarized in Table 5 .
We believe that our study sheds light on a very important negative result. The apparent c-kit expression in the stromal component of phyllodes tumors is not substantiated by a molecular finding of any known activating mutations, and is likely a mast cell phenomenon. From this standpoint, c-kit has neither a diagnostic nor a prognostic role in c-kit expression in fibroepithelial breast lesions B Djordjevic and W Hanna phyllodes tumors, and there is no rationale for treatment of malignant or recurrent phyllodes tumor patients with tyrosine kinase inhibitors.
